INTRODUCTION {#j_bjmg-2016-0004_s_001}
============

β-Thalassemia (β-thal) is an autosomal recessive hereditary anemia characterized by defective or insufficient globin chain synthesis in the hemoglobin (Hb) molecule \[[@j_bjmg-2016-0004_ref_001]\]. The rate of β-thal carriers in Turkey is generally 2.0%. In some states in the Aegean region the rate is as high as 5.0%. Some states in the Mediterranean region have rates of up to 10.0% \[[@j_bjmg-2016-0004_ref_002]-[@j_bjmg-2016-0004_ref_006]\].

Frequency of marriages among close relatives and a high birth rate, are the causes of the greater than expected births of children with β-thal in Turkey. The disease follows a wide spectrum of progression from slightly clinical β-thal minor to transfusion-dependent β-thal major (β-TM). In the Turkish population, there are more than 30 different mutations described for β-thal; this broad molecular variety, the broad molecular definition of the disease, significantly hampers strategies and programs to prevent the disease \[[@j_bjmg-2016-0004_ref_002],[@j_bjmg-2016-0004_ref_004]-[@j_bjmg-2016-0004_ref_006]\].

There is no report in the scientific literature on the prevalence or mutation profile of β-thal for the city Çanakkale, which is in the Aegean region of Turkey. As a result, it was necessary to research the frequently observed β-thal mutations and determine the β-thal mutation profile of the region.

The primary aim of our study was to determine the frequency of β-thal in the premarital population and reveal the mutation types and allele frequencies. Thus, the most common genetic mutations in the Çanakkale region would be identified, and individuals who are patients and/or carriers would be provided with genetic counseling based on identified mutations. Additionally, the identified mutation may form the infrastructure for genetic scanning/screening programs to be developed specifically for the region.

MATERIALS AND METHODS {#j_bjmg-2016-0004_s_002}
=====================

This study received permission from the Çanakkale Onsekiz Mart University Medical Faculty Ethics Committee. A total of 4452 couples (8904 individuals) applied for premarital thalassemia scans at the Çanakkale State Health Directorate Laboratory between January 2008 and June 2012 and Hb fractionation was performed using ion exchange high performance liquid chromatography (HPLC) with the Tosoh G8 HPLC Analyzer (Tosoh Bioscience, Tokyo, Japan). Of 125 β-thal carriers directed to the Department of Medical Genetics Clinic, Çanakkale Onsekiz Mart University, Çanakkale, Turkey, for genetic counseling, 46 participated in the study. The remaining 79 patients could not be reached. After being diagnosed, the patients were counseled about the mutations and prenatal diagnosis (PND) choices. After carriers signed a patient consent form, 2 mL peripheral blood was taken in a vacutainer containing EDTA as anticoagulant. DNA isolation of the samples was completed with the spin column method (QIAamp DNA Blood Mini Kit; Qiagen GmbH, Hilden, Germany).

The Sanger and pyrosequencing methods were performed for all three exons of the β-globin gene with the capillary electrophoresis ABI PRISM® 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) and PyroMark Q24 Advanced (Qiagen) after polymerase chain reaction (PCR) amplification of all exons with specific primers with GeneAmp® PCR system 9700 (Applied Bio-systems). The PCR was performed with a final volume of 40 μL including 250 nM primers, 0.2 mM of each deoxy-nucleotides, 2 mM MgCl~2~, 1 U of Taq Polymerase (Taq DNA Polymerase, 5 U/μL; Roche Life Science, Penzberg, Upper Bavaria, Germany) and 100 ng of sample DNA. Sequence results were evaluated with SeqScape® software (Applied Biosystems), and the identified mutations were checked in both the National Center for Biotechnology Information (NCBI; Rockville Pike, Bethesda, MD, USA) blast and Ensembl databases. To statistically analyze the results, the Statistical Package for the Social Sciences (SPSS) version 16.0 (SPSS Inc., Chicago, IL, USA) was used.

RESULTS {#j_bjmg-2016-0004_s_003}
=======

In Çanakkale, premarital thalassemia scanning was completed for a total of 4452 couples (8904 individuals) between January 2008 and June 2012. The prevalence for β-thal carriers was identified as 1.4% (125/8904), while the prevalence for sickle cell anemia carriers was 0.06% (5/8904). One couple were both β-thal carriers. β-Globin gene analysis of 46 carriers found the total frequency of the three most common mutations was 45.65%. These mutations were found to be *HBB*: c.93-21G\>A \[IVS-I-110 (G\>A)\], 26.08% (12/46); *HBB*: c.17_18delCT \[codon 5 (‒CT)\], 10.85% (5/46); *HBB*: c.20delA \[codon 6 (‒A)\] 8.69% (4/46) ([Table 1](#j_bjmg-2016-0004_tab_001){ref-type="table"}).

###### 

Heterozygous β-globin gene mutations, numbers and frequencies (%) in this study and comparison of frequencies with other studies performed in Turkey.

  Heterozygous Mutations                         Frequency                    
  ------------------------------------- -------- ------------ ------- ------- --------
  *HBB*:                                *n*      \%           \%      \%      \%
  c.93-21G\>A \[IVS-I-110 (G\>A)\]      12       26.08        42.30   49.01   39.20
  c.17_18delCT \[codon 5 (‒CT)\]        5        10.85        3.40    2.51    2.20
  c.20delA \[codon 6 (‒A)\]             4        8.69         ‒       0.45    \<1.00
  c.92G\>T \[IVS-I-1 (G\>A)\]           3        6.52         5.10    7.99    5.50
  c.-137C\>G \[‒87 (C\>G)\]             3        6.52         ‒       0.36    \<1.00
  c.25_26delAA \[codon 8 (‒AA)\]        3        6.52         3.20    7.63    6.10
  c.92+5G\>C \[IVS-I-5 (G\>C)\]         3        6.52         1.50    1.08    1.10
  c.20A\>T \[codon 6 (A\>T)\] (Hb S)    2        4.34         6.50    ‒       \<1.00
  c.316-106C\>G \[IVS-II-745 (C\>G)\]   2        4.34         6.80    7.00    4.60
  c.135delC \[codon 44 (‒C)\]           2        4.34         3.20    3.23    1.30
  c.93-15T\>G \[IVS-I-116 (T\>G)\]      1        2.17         0.20    0.36    \<1.00
  c.315-1G\>A \[IVS-II-1 (G\>A)\]       1        2.17         8.80    5.92    5.4
  c.92+6T\>C \[IVS-I-6 (T\>C)\]         1        2.17         7.00    4.67    9.5
  c.-78A\>C \[‒28 (A\>C)\]              1        2.17         ‒       ‒       ‒
  c.-18C\>G \[+33 (C\>G) (5'UTR)\]      1        2.17         ‒       ‒       ‒
  c.118C\>T \[codon 39 (C\>T)\]         1        2.17         ‒       ‒       ‒
  c.2727_28insG \[codons 8/9 (+G)\]     1        2.17         1.50    1.44    1.50
                                        **46**   **100.00**                   

5'UTR: 5' untranslated region.

Unfortunately, the couple who were identified to both be β-thal carriers on premarital scanning did not have any genetic counseling. Their first child was born with β-TM and died at 2 years of age. They were referred to our clinic for genetic counseling in the 14th week of their second pregnancy. The couple were counseled and a series of genetic analyses were performed. There was no consanguinity but they were from the same village. Interestingly, the couple both had a deletion of the adenine nucleotide at codon 6 ([Figure 1](#j_bjmg-2016-0004_fig_001){ref-type="fig"}). Their β-globin gene series were exactly the same. To prevent the possibility of an improper operation, chimerism analysis was performed and the blood samples were proven not to be from a single person. In the 16th week of pregnancy, PND was performed with amniocentesis. After the procedure, the fetus was found to be homozygous for a normal β-globin gene.

![Detection of a frameshift mutation in the open reading frame, showing the codon 6 (‒A) *(HBB*: c.20delA) deletion, analyzed by A) pyroseguencing and B) the Sanger sequencing technique.](j_bjmg-2016-0004_fig_001){#j_bjmg-2016-0004_fig_001}

DISCUSSION {#j_bjmg-2016-0004_s_004}
==========

β-Thalassemia is a well-known genetic disorder of the globin gene, with a worldwide distribution. The Ministry of Health and the Turkish National Hemoglobinopathies Council (MH and TNHC) reported a 4.3% prevalence of β-thal trait in a population of 377,399 healthy subjects from 16 cities in Turkey \[[@j_bjmg-2016-0004_ref_006]\]. However, no study has reported the prevalence of β-thal trait and abnormal Hbs for the province of Çanakkale until now.

Çanakkale is located in the far west of Turkey between the Marmara and Aegean regions. Different to other areas of Turkey, the majority of the population is comprised of immigrants from Balkan countries and Romania. The sociocultural level of the city is above Turkey average.

Our study is the first to report these data, save for our preliminary premarital screening report of 1.45% limited to the city of Çanakkale alone. This rate was 0.06% for Hb S (HBB: c.20A\>T) carriers. This prevalence of β-thal carriers in the province is not high compared to the prevalence in Turkey as a whole. In Izmir (in the Aegean region of Turkey), the neighboring provinces of Çanakkale, the prevalence of β-thal and Hb S were 4.96 and 0.13%, respectively \[[@j_bjmg-2016-0004_ref_003]\].

In Turkey, 36 different β-thal mutations have been described to date. The most commonly identified mutations are, in order, *HBB*: c.93-21G\>A, *HBB*: c.92+6T\>C \[IVS-I-6 (T\>C)\] and *HBB*: c.25_26delAA \[codon 8 (‒AA)\] \[[@j_bjmg-2016-0004_ref_002]\]. In the Mediterranean region, 19 different mutations have been reported and the most frequently observed are *HBB*: c.93-21G\>A, *HBB*: c.92+6T\>C and *HBB*: c.-80T\>A \[‒30 (T\>A)\] mutations. The same study reported the Hb S incidence as 10.3% \[[@j_bjmg-2016-0004_ref_007]\].

This wide molecular variety, the molecular genetic description of the disease, significantly hampers strategies and programs to prevent the disease. In our region, according to the β-globin genetic analysis we conducted, there were 14 different mutations identified in carriers of β-thal. The most frequently observed mutation for β-thal in Turkey with a rate of about 40.0% is reported as *HBB*: c.93-21G\>A \[[@j_bjmg-2016-0004_ref_002]\]. In our study, this mutation has the highest frequency of 26.08%, lower than the average for Turkey and different to a range of regions in Turkey \[[@j_bjmg-2016-0004_ref_002],[@j_bjmg-2016-0004_ref_007]-[@j_bjmg-2016-0004_ref_009]\]. The frequency of *HBB*: c.93-21G\>A in β-thal mutations exceeds 50.0% in Central Anatolia, but falls to 25.0% in East and Southeast Anatolia \[[@j_bjmg-2016-0004_ref_002],[@j_bjmg-2016-0004_ref_010],[@j_bjmg-2016-0004_ref_011]\]. Keser *et al*. \[[@j_bjmg-2016-0004_ref_008]\] calculated the frequency of HBB: c.93-21G\>A as 35.6% in the Antalya region in their 2004 study. The same mutation was reported as 49.02% in the Central Anatolia region by Beksaç *et al*. \[[@j_bjmg-2016-0004_ref_009],[@j_bjmg-2016-0004_ref_011]\].

Interestingly, although there are so many immigrants in Çanakkale from the Balkans, who came during the Balkan War (1912), the mutation profile is different from Balkan countries, especially Romania \[[@j_bjmg-2016-0004_ref_012]\]. Selected marriages because of cultural differences in those days may cause this difference.

As seen in our study, β-thal is an important health problem in Turkey. As there is no certain treatment of β-thal, it is very important to determine the mutations and the carriers for preventing the disease. For correct genetic counseling it is necessary to know the exact mutations within the families. The couple both found to be β-thal carriers in our study did not have genetic counseling so they had lost their first child because of β-TM. Prenatal diagnosis by amniocentesis of the fetus for their second pregnancy was found to be homozygous for a normal β-globin gene. This dramatic family history emphasizes the importance of prenatal screening, especially for carriers. The wide heterogeneity of β-thal at a molecular level is an important barrier to diagnosis and prevention of the disease.

This is the first report on the frequency and mutation profiles of β-thal for Çanakkale. The incidence of β-thal carriers in Çanakkale is below the average of Turkey. A high level of sociocultural population and low rates of consanguineous marriages could cause this. The most frequently observed mutation profile and rate of β-thal in our region is different to the mutation profiles and rates observed in different regions of Turkey. To prevent an increase in β-thal incidence and ensure families become parents of healthy children, it is necessary to increase consanguinity marriage education, genetic counseling before pregnancy and prenatal genetic screening programs.
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